


APPENDIX 1 

THE ANOPHELINE FAUNA OF SARDINIA 

T. H. G. AITKEN 

During the period 1946 to 1950, seven species of anophelines were 
identified in the Sardinian fauna. These were: 

(1) Anoph I 1 b e es a ranchiae Eabrunchiue Falleroni, 1926 

(2) Anopheles melunoon melunoon Hackett, 1935 
(Hackett and Missiroli, 1935) 

(3) Anopheles cluviger (Meigen) , 1804. 

(4) Anopheles ulgeriensis Theobald, 1903 

(5) Anopheles murteri Senevet and Prunnelle, 1927 

(6) Anopheles @urn beus Stephens, 1828 

(7) Anopheles hispuniolu (Theobald), 1903 

All but the last three of these species had previously been reported 
from the island by various authors, including Missiroli (1927, 
muculipennis = lubrunchiue in all probability; bifurcutus = cluviger 

and ulgeriensis) and Spanedda (1940, melunoon) . These four 
species, and also murteri, were encountered during the entomo- 
logical survey of 1946 prior to the start of ERLAAS operations. 
Plumbeus and hispuniolu were not found until 1947. 

Six other anophelines are reported in the literature on Sardinia, 
but intensive scouting over the five-year period 1946 to 1950 failed 
to confirm their presence. These species are: A. suchurovi Favr 
(Hackett, 1929 and Spanedda, 1940, as elu tus) , messeue Falleroni 

and muculipennis muculipennis Meigen (Hackett and Missiroli, 
1935) , lubrunchiue utropurvus (Spanedda, 1940)) hyrcunus pseudo- 

pictus Grassi (Senevet, 1935) and superpictus Grassi (Missiroli, 
1944) . It is strange that these anophelines did not show up in the 
ERLAAS collections, especially as intensive search was made for 
them by literally thousands of scouts. Possibly the superpictus 
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record refers to hispaniola, a very similar species. The messeae and 
atropawus records were based on egg identifications and might well 
have been confused with aberrant forms of Zabranchiae or melanoon. 
There appears to be little doubt about the sacharovi records, as 
the eggs of this species are quite distinctive. 

It is possible that the above species were present in small numbers 
in the island prior to ERLAAS activities and that they were quickly 
eliminated by eradication measures. All six have been encountered 
in Corsica in small numbers. Sardinia and Corsica are on the 
periphery of the distribution of these species, and it may well be 
that their position was so precarious that anti-anopheline measures 
caused their rapid disappearance. 

What little has been published on Sardinian anophelines refers 
largely to Zabranchiae. In the twenties, Missiroli and Hackett 
studied this species (called maculipennis in their earlier papers) 
in connection with investigations on the control of malaria. This 
work started in 1925 in Portotorres and later was extended to 
include Oschiri, Olbia (Terranova) , Siniscola, Posada and TorpP, 
all low-lying towns in the northern part of the island. Studies were 
conducted on the seasonal history of Zabranchiae, its flight habits 
and larval habitats (Missiroli, 1927, 1928 and 1930). 

In the course of an epidemiological study of malaria in the two 
foothill villages of Loiri and Montelitu (near Olbia) , Pampana and 
Casini (1940) made some interesting observations on the seasonal 
history of Zabranchiae. Attendant to the general study of the 
European maculipennis complex, observations were made in 
Sardinia by Hackett and Missiroli (1935) . Identifications were 
made by the examination of eggs laid by captured females. Labran- 

chiae was the dominant form in the few localities visited (198 
ovipositions during 1932 and 1933) . Other eggs identified belonged 
to the following species: sacharovi (four ovipositions) , messeae 

(four ovipositions) and typical maculipennis (one oviposition) . 
More recently Spanedda ( 1940) , investigating the maculipennis 
complex in the southern portion of the island, found Zabranchiae, 

sacharovi, atroparvus and melanoon. 

Maculipennis (Zabranchipe) was considered the only important 
vector of malaria in the island (Missiroli, 1927) . Sacharovi had an 

extremely limited distribution (it was recorded from Portotorres, 
Siniscola and Porto Corallo near Villaputzu) and was never 
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abundant; nevertheless, it may have been responsible for a certain 
amount of transmission (Spanedda, 1940; Putnam and Hackett, 
1946). Claviger and algeriensis were both considered innocuous 
species, and little reference was made to them except that the adults 
rarely entered houses and that the larvae preferred shaded habitats 
and were most frequently encountered in the spring and fall months 
(Missiroli, 1927) . 

PRELIMINARY SURVEY (SUMMER OF 1946) 

Prior to the initiation of eradication activities, a three-man team 
undertook an anopheline survey of the island during the summer of 
1946. This investigation began on May 13, with Cagliari serving 
as a base of operations until June 27. Later, temporary headquarters 
were established in other towns to facilitate inspection of the 
surrounding countryside. 

Because it was necessary to cover a large amount of territory in 
the three and one-half months, the custom usually was to make 
roadstops only; an attempt, nevertheless, was made to check all 
marshy areas indicated on the maps even if these were some distance 
from the road. Not every water collection was inspected, particu- 
larly if the same type of habitat was seen repeatedly within a short 
distance. On an average, 14 possible larval breeding places and three 
possible adult shelters were inspected every day. 

Larval inspections received most attention because they offered 
opportunity for a more rapid and more selective survey in the 
limited time available. Not only were the immature stages of the 
various species found more frequently than adults, but there were 
extensive areas of the island where suitable man-made shelters for 
adult anophelines were few and far between or nonexistent. Of 
constant interest was the presence of anopheline eggs in natural 
habitats (Aitken, 1948). The fact that eggs were recovered from 
approximately 80 per cent of the positive foci was of great help 
in evaluating the findings, since larvae of the maculifwznis group 
are difficult to identify. 

Anophelines of the maculipennis group, consisting largely of 
Zabrunchiae, were found in practically every part of the island. In 
the course of the survey, it seemed that almost every water collection 
harbored the immature stages of this species. It was found from 
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sea level, in rock-pool seepages ten feet from the Mediterranean at 
Porto Ferro (the Nurra) , to an altitude of 1,060 meters in the 

Ogliastra; larval densities at different altitudes are shown in table 
XLVIII. Labranchiae adults predominated in the collections from 
human dwellings and domestic animal shelters. Larvae of this 
species were not found in either of the large hydroelectric impound- 
ments on the Tirso and Coghinas rivers, although the latter was 
a prolific source of macdipennis (Zabranchiae) at the time of its 
inception (Missiroli, 1928) . Only a few of the small islands 
bordering the coast could be visited within the time allowed for 
the survey. Inspections of Sant’Antioco and San Pietro in the 
southwest confirmed the presence of Zabranchiae, although the 
species did not appear to be abundant. No anophelines were found 
in the island of Tavolara just east of Olbia. 

TABLE XLVIII 

DENSITY OF LARVAE OF Anopheles labranchiae AT VARIOUS ALTITUDES 

DURING 1946 

Altitude Number of 
(meters) collections 

Number of 
dips 

Average number of 
larvae per dip 

o-99 
100-199 
200-299 
300-399 
400-499 
500-599 
600-699 
700-799 
800-899 
900-999 

1,000 and over 

171 
62 
64 
57 
48 
31 
35 
11 
13 
4 

898 7 
318 8 
292 10 
259 9 
270 4 
142 8 
147 11 
63 5 
55 3 
18 1 
5 1 

All altitudes 497 2,411 8 

Note: Collections positive for eggs only are excluded, but pupae are included. 

Clauiger was widespread in the island but was never abundant 
in the collections. Had more inspections been made in springs, 
fountains and rivulets, the recovery rate for clauiger would have 
been greater. About 20 per cent of all the inspections were made in 
these habitat types, but only 13 per cent were positive for the 
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species. The question has been raised as to whether the data 
obtained in the survey were a true portrayal of the facts, particu- 
larly in the light of later experience which showed cEaviger to be 
very abundant. Possibly the many small larval habitats of clauiger 

would balance or outnumber the larger and more extensive water- 
course type of habitats characteristic of Eabranchiae. This is difficult 
to estimate. Nevertheless, it was quite evident that larval densities 
of Zabranchiae were much the greater of the two. On the basis of 
the number of larvae per dip, Zabranchiae larvae were three times 
as abundant as the shade-loving clauiger; on only one occasion were 
larvae of the latter species taken at the rate of 50 per dip. Usually 
the number was very much less, whereas Zabrunchiae was frequently 
found in such densities. 

Of the remaining anophelines, algeriensis was widespread, but 
always at low altitudes. With the exception of one record from 
the north near Caste1 Sardo, all melanoon collections were made in 
the southern part of the island in the vicinity of Ales (Ass010 and 
Curcuris) , Muravera and Osteria (near Muravera) . The few collec- 
tions of marteri came from Domus de Maria, Cantoniera Genna 
Cassa (Seulo) , Riu de Berissai (Seulo) and Punta Lacasse (Meana 
Sardo) . 

DISCUSSION OF THE VARIOUS SPECIES 

The following pages deal largely with the biology, so far as it 
is known, of each of the Sardinian anopheline species. Included 
in the discussion are brief descriptions of the various life-cycle 
stages, based on Sardinian specimens unless otherwise indicated. 

Anopheles Zabranchiae Zabranchiae FALLERONI 

It was not possible to distinguish first instar larvae and pupae 
of this species from those of melanoon. This is likewise true of 
the adults, although differences may exist in the wing-scale structure 
(Ungureanu and Shute, 1947; Laven, 1950) . 

4x: Broad and fat in appearance. Dorsal exochorion pale to 
dark gray with lateral darker cuneiform spots or with one 
to six irregular bands. Poles dark. Floats small, not ex- 
tended onto dorsal surface, occupying less than 20 per cent 
of egg length and averaging about 14 ribs. Intercostal 
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membrane rough, i. e., with transverse folds and secondary 
striations forming fine reticulum. 

First instar larva: Subantennal hair asymmetrically pinnate. 

Fourth instar Zurvu: Frontal hairs with well-developed shaft, pin- 
nately branched. Outer clypeal hairs multiply branched. 
Inner clypeal hairs apically branched. Antenna1 hair arising 
from basal fourth of antenna. Antipalmate hair of abdomi- 
nal segments IV and V generally with two branches (Bates, 
1939). 

Pupa: Lateral hair of abdominal segment VIII short and multiply 
branched. Lateral hair of segment VII in form of blunt 
spine. Paddles with few minute serrations restricted to 
apical half of external edge and extending slightly beyond 
terminal hair. 

Adult: Generally dark brown in color. Head with tuft of upright 
pale scales medianly and black scales laterally. Thorax with 
mesonotum having central pale stripe and dark lateral 
bands; tuft of pale hair-like scales on anterior margin of 
meson0 turn. Wings with dark scales, forming four spots 
at junction of first and second veins, at forks of second and 

fourth veins and on the cross vein. 

World distribution. Lubrunchiae is restricted to the western and 
central Mediterranean region. It occurs in a restricted area near 
the sea in the Spanish provinces of Murcia and Alicante (Hackett, 
1949) . It is the most frequently encountered anopheline in 
Morocco, where it is known as sicaulti. It has been found as far 
south as Foum Zguid and Tagounit on the edge of the Sahara 
Desert and from sea level up to 1,900 meters at Tizi n’Tchka in 
the Atlas Mountains. Elsewhere in North Africa, the species occurs 
along the coastal belt of Algeria and Tunisia (Gaud, Faure and 
Maurice, 1949) . Labrunchiae is known to inhabit the islands of 
Corsica, Sardinia and Sicily, as well as the Italian mainland where 
its distribution is restricted to the coastal area as far north as the 
Tuscan Maremma in the west and Foggia in the east (Missiroli, 

1939). 

Distribution in Surdiniu. The 1946 survey disclosed the presence 
of Zabrunchiue in practically every part of Sardinia, including the 
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islands of Sant’Antioco and San Pietro. Subsequent observations 
confirmed this widespread distribution of the species in the low- 
lands as well as in the mountain areas. Collections were made 
in the wilder portions of the island where villages are few and far 
between and houses rare or nonexistent. Labranchiae was also 
reported from the island of Maddalena in the north and the island 
of Ma1 di Ventre, approximately nine kilometers from the western 
coast near Oris tano. 

Seasonal cycle-the late winter period. Labranchiae overwinters 
in the adult state, but it is incorrect to assume that the species 
hibernates, for many individuals take blood meals and thus remain 
in a semiactive condition. Observations in the Cagliari and Nuoro 
areas during 1947 pointed to an astonishingly high degree of activity 
on the part of overwintering females (figure 28) . In January, 
59 per cent of the females examined contained developing or mature 
ovaries. For the sake of brevity these two conditions have been 
combined in the graph, but actually 40 per cent of the females had 
mature ovaries during this month. This activity may not have been 
so pronounced earlier, for observations did not start until the middle 
of January and were restricted to the Cagliari area, where the mean 
outdoor temperature for the month was 8.4” C. 

Upon further investigation it was found that this phenomenon 
was not confined entirely to lowland areas. In February, of 734 
females collected in areas over 500 meters in elevation, 568 (77 per 
cent) contained active ovaries and 18 (3 per cent) of these were 
mature; an additional 77 (10 per cent) showed evidence of recent 
blood meals. While/active females were thus present in the higher 
mountain areas, they were not so common as in the lowlands and 
lower temperatures undoubtedly retarded development from two 
to three weeks. 

In general, pronounced ovarian activity is apparent in the early 
months of the year. It is a dynamic phenomenon, as evidenced 
by the relatively high oviposition rates obtained in the laboratory 
during these two months: 20 per cent in January and 35 per cent 
in February (figure 28) . Ovipositions took place much sooner 
among females observed in the Cagliari laboratory at sea level than 
among those in the Nuoro laboratory situated in the interior 
highlands at an elevation of 553 meters. In January and February 
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FIGURE 28. Abdominal condition of 8,501 female Anopheles maculipennis 
group (largely Zabranchiae) collected in Sardinia during 1947. 
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approximately 50 per cent of the Cagliari females deposited their 
eggs within the first two days of capture, whereas at Nuoro in 

February (no studies were made in January) 50 per cent of the 

ovipositions occurred during the second and third weeks. Lower 

temperatures in that area (5.7” C. mean for February as com- 
pared with 15” C. in the Cagliari laboratory) were undoubtedly 
responsible. 

The incidence of recently fed females (figure 28) during the 
latter half of the winter was not great (3 per cent in January and 
8 per cent in February) . At first this seems to be contrary to what 
one would expect when the incidence of ovarian activity is high. 
However, it may be that blood meals are taken infrequently during 
this period and the digestive processes in general are slower. A 
high proportion of females feed, but they digest their blood meals 
slowly, and their ovaries mature accordingly. Judging by the 
Cagliari laboratory, an increase in temperature would appear to 
hasten the process. 

The incidence of inactive, or empty, females (without ingested 

blood or developing ovaries) was not particularly great in January 

(38 per cent) but dropped rapidly in February (to 14 per cent) 
and even more in March (to 6 per cent) . With the passing of 

winter, females with fat body also become increasingly difficult 
to find (figure 28) . La Face (1933) observed similar manifestations 
of activity among Zabrunchiae collected in the Agro Komano near 

Ardea. 

The spring period. With the coming of spring, overwintering 

females become increasingly active. Oviposition is followed by 

death, as is evident from the small number of females found during 

March (figure 29) . The incidence of recently fed females (but 

without active ovaries) increased during March (to 22 per cent) 
as might be expected (figure 28) but then unexpectedly fell off 

rapidly in April (to 2 per cent) and May (to 4 per cent) . A slight 
drop in the incidence of females with developing and mature 

ovaries was noted in March (72 per cent) but was followed by a 

sharp rise in April (to 87 per cent) and May (to 88 per cent). 
This rise was also generally reflected in the rate of laboratory 
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ovipositions (figure 28) during this period (57 per cent in March, 

70 per cent in April and 57 per cent in May) ; a corresponding 

shortening of the gestation period was also noted. 

During January and February careful search was made for the 

immature stages of labrunchiae; approximately 6,000 dips were 

made in a variety of aquatic habitats in the Campidano, Trexenta, 

Cixerri Valley and the Baronia without finding a single immature 

stage. It was not until March 4 that the first larvae were found 

(18 first, one second and one third instar) . All collections came 

from the southern portion of the island near Siliqua in the Cixerri 

Valley and the Palmas Valley in the Sulcis. On March 10 fourth 

instar larvae were collected in the southeast coastal area near 

Muravera. Midday water temperatures at this time varied between 

11’ C. and 17” C., averaging 16” C. Corradetti (1931) gives evidence 

that the developmental period (egg to adult) of macdipennis 

in the environs of Rome is the 45 days from March 1 to April 15, 

when water temperatures average 13.9” C. Using these figures as 

a guide, it can roughly be estimated that the first ovipositions of 

the season in southern Sardinia occurred during the first week of 

February. 

Larvae, including fourth instars, were not encountered in the 

north (Baronia) until the end of March, suggesting that ovi- 

positions in this area were about a month behind those in the 

southern portion of the island. On the other hand, in 1948 ovi- 

positions were much earlier in the Baronia, being comparable to 

those further south in 1947. On February 6, 1948, first instar larvae 

were found at Torpe (Baronia) , indicating egg-laying activity 
around the first of the month. On February 12, two fourth instars 

were found (water temperature 15” C.) , and again on February 

14, first, second and third instars were collected at Torpe, suggesting 

that the first ovipositions may have taken place even earlier, possibly 

during the third week of January. This activity may have been the 

result of unseasonably high temperatures in late January and early 

February. 

In the higher reaches of the eastern central mountain mass, it 

would appear that first ovipositions generally occur about a month 

to a month and a half later than in the lowlands. These may even 

be delayed until early April. For instance, the first larvae (third 
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instar) were found at Orgosolo (elevation 700 meters) on April 15, 

at Austis (elevation 737 meters) on April 16 (second, third and 

fourth instars), and on the Nuoro Plateau (elevation 560 meters) 

on April 21 (fourth instars) . 

With the advance of spring, there is an increase in the incidence 
of the immature stages of lab ran .ch iae and likewise in the density 
of these populations (figure 30) . In March, 13 per cent of the 
habitats inspected were positive. By April this figure 
to 29 per cent, and by May 54 per cent were positive. 

had jumped 

The summer period. The peak of adult densities generally 
occurred in June or early July, depending on temperatures and 
other meteorological conditions. In 1947 maximum densities 
(averaging 24 adults per positive station) were observed during 

July (figure 29) . Pampana and Casini (1940) reported a peak in 
adult captures during the first week of June, followed by a rapid 
decline in numbers early in July and remaining low during August. 

The curves plotted by Missiroli (1927, 1928 and 1930) for Porto- 
torres show the peak usually occurring during the last two weeks 
of June; July also was a fairly high month, but by August adult 
densities were reduced to very low figures. A similar trend was 
noted by the same author in other Sardinian towns (Oschiri, 
Olbia and Siniscola) . 

This decline, which may occur in either July or August, appears 
to be a reflection of high temperatures and saturation deficiencies. 
It has been studied by Freeborn (1932) , who worked with a 
California member of the maculipennis complex (Anopheles 

freeborni) . 

During the summer of 1947 the incidence of females with develop- 

ing and mature ovaries dropped somewhat in June (to 7 1 per cent) 
and July (to 70 per cent) but was followed by a secondary rise 

in August (to 82 per cent) . Laboratory ovipositions demonstrated 

a corresponding fluctuation (figure 28) . 
Larval densities continued to increase throughout the 1947 

summer period (figure 30) , corroborating the findings on adults. 
The larval counts did not, however, reflect the August decline in 
adults, suggesting that the majority of the females were living only 
long enough to obtain a blood meal and oviposit. 
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of atroparws and 70 per cent of labranchiae were bred out. 
Labranchiae larvae will, however, develop perfectly well in fresh 
water in the laboratory.” Elsewhere Hackett (1949, p. 794) says, 
“ On the islands of Corsica, Sardinia and Sicily, and along the 
Barbary Coast of North Africa from Tripolitania to Morocco, where 
it has no fresh-water competitors such as A. messeae or A. melanoon, 
A. Zabranchiae breeds in fresh and saline waters alike, and in both 
rivers and marshes.” It is safe to say that during the five years of 
work in Sardinia, over 99 per cent of the Zabranchiae collections 
were made in fresh water. 

Labranchiae larvae were generally found in clear, still, sunny 
waters containing horizontal vegetation in the form of algae, 
Ranunculus, Chara, Myriophyllum, Ceratophyllum or Potamogeton. 

Vertical vegetation was tolerated, if not too dense. While larvae 
usually inhabited still waters, considerable numbers were encoun- 
tered in slowly moving streams and on occasion in rapidly running 
water. Observations made during 1947 on the characteristics of 
the aquatic environment of Zabranchiae are summarized in figure 32. 

Water temperatures for March through November of 1947 were 
taken in 1,061 Zabranchiae habitats. The mean temperature was 
24” C. (S.D. t 4.72). A verage mountain water temperatures tended 
to be‘ slightly lower than those in the lowlands, although they 
became high during the hot summer months. The average water 
temperatures of Zabranchiae habitats recorded during this study 
were similar to those observed during the survey of 1946. During 
that year 70 per cent of the breeding places registered temperatures 
between 20” C. and 28” C., the over-all average being 23” C. It 
is obvious from these observations, as well as from those mentioned 
previously regarding illumination, that Zabranchiae is predomi- 
nantly a heliophilous species. Maximum larval development occurs 
in the higher average temperature bracket (23” C. to 2.5” C.) , with 
maximum temperatures about 36” C. 

Species association. Labrancbiae was not commonly found 
occupying the same aquatic habitat with other anopheline species, 
only 4 per cent of all collections being mixed. These mixed 
collections are summarized in table L. It will be seen that 
Zabranchiae’s most frequent associations were with algeriensis and 
clauiger. Both of these species preferred well-shaded habitats char- 
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m LAGRANCHIAE 

m ALGERIENSIS 

FIGURE 32. Characteristics of aquatic habitats of Anopheles Zubrunchiae, 
A. duviger and A. ulgeriensis in Sardinia during 1947. 
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TABLE L 

MIXED LARVAL COLLECTIONS OF Anopheles maculipennis (LARGELY Zabranchiae) 
BY HABITAT TYPE,~ARDINIA, 1946 TO 1950 

Number of mixed collections 

Habitat type M-C M-C-A M-A M-A-H M-H M-Ma M-Me Total 

Lake and swamp 7 0 20 
Ground pool 5 0 10 
River, stream 

and canal 43 7 81 
Interrupted 

water course 10 1 20 
Rivulet 19 0 9 
Spring and 

fountain 9 0 0 
Tank and well 3 0 4 
Water hole 18 0 13 

2 0 0 
0 0 0 

1 10 2 8 152 

0 1 1 0 33 
0 0 0 0 28 

0 0 0 0 9 
0 0 0 0 7 
0 2 0 3 36 

0 29 
0 15 

Total 114 8 157 3 13 3 11 309 

Note: M = maculifiennis (largely labrunchiae), C = clauiger, 

H = hispaniola, Ma = marteri and Me = melanoon. 

A = algeriensis, 

acterized by cool waters; marteri was also a cool water species. 

Hisfxzniola, on the other hand, exhibited preferences more closely 

resembling those of Zabranchiae. Its larvae were collected in shallow 

flowing water of gravelly stream beds, around stones and in mats 

of spirogyra. Labranchiae was also found abundantly in such algal 

mats. In spite of this similarity in choice of habitat, the number 

of mixed collections of the two species was small, possibly because 

Zabranchiae was a more aggressive species and dominated the 

habitat. Certainly the small numbers of melanoon collected 

during the five-year period, and always associated with Zabranchiae, 

indicate that this particular species provided little competition. 

Unfortunately, the figures cited do not portray the situation very 

accurately, as they were influenced by eradication operations. 

AdzlZt resting places. The principal known shelters of Zabrnnchiae 

adults have been pigsties, stables and houses; these shelters harbored 

78 per cent of the 11,101 mosquitoes collected during this period. 

In order to obtain a more accurate idea of shelter preference, 

the 1947 collections made in untreated shelters have been sum- 
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marized in table LI. On the basis of percentage of shelter positivity, 
nuraghi were the most common diurnal resting places of female 
Eabranchiae. Because of the relatively small number of visits to 
these structures, the significance of nuraghi as preferred resting 
places must be discounted. Pigsties and stables, on the other hand, 
were important sources of mosquitoes, as shown by the relatively 
high average number of mosquitoes per positive shelter. Houses 
did not show up so favorably when the number of inspections was 

TABLE LI 

INCIDENCE Am DENSITY OF 4,494 ADULTFEMALE AND 551 ADULTMALE 
Anopheles maculipennis (LARGELY Zabanchiae) IN UNTREATED 

SARDINIAN SHELTERSDURING 1947 

Type of 
shelter 

Adult female 
A. maculipennis 

Number 
of Shelters positive Number 

shelters of mos- 
inspected Num- Per quitoes 

ber cent collected 

Adult male 
A. maculipennis 

Shelters positive Number 
of mos- 

Num- Per qui toes 
ber cent collected 

House 3,485 214 6 977 18 0.5 32 
Stable 818 185 23 1,481 13 1.6 33 
Pigsty 479 115 24 1,029 4 0.8 9 
Shed 426 37 9 355 4 0.9 34 
Hen house 315 28 9 79 5 1.5 7 
Bridge 300 60 20 367 49 16.3 386 
Grotto 147 31 21 137 15 10.2 50 
Nuraghe 65 22 34 65 0 0.0 0 
Church 6 1 17 2 0 0.0 0 
Rabbit hutch 6 1 17 2 0 0.0 0 

All types 6,047 694 11 4,494 108 1.8 551 

Notes: 1) All inspections were made in areas not affected by antilarval operations. 
2) The first male was collected on March 24 and the last on November 25. 

taken into consideration. This can be explained by the fact that 

many of the inspections were made early in the year, before residual 

spraying operations had started, but when the incidence of mosqui- 

toes in such structures was low; at that season more mosquitoes were 

found in animal shelters than in houses. 

The relatively high incidence of mosquitoes in grottoes and 

under bridges is significant as it indicates that a good portion of 
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the Za branchiae population was capable of living away from 

immediate contact with man. These structures were the principal 
source of the male mosquito collections. Such collections were 
most abundant during the summer and fall months. Included in 
the category of grottoes were overhanging banks along streams, 

rock fissures, undersides of boulders in stream beds, caves, and mine 

shafts or galleries. 
Inspections early in 1947 made it clear that overwintering 

Zabrunchiue were not abundant in village centers. On the contrary, 
Zubrunchiae 

houses. It 
was more commonly encountered 

is reasonable to suppose that in 
in isolated 

rural areas 
rural 
many 

mosquitoes preparing to overwinter were attracted to isolated 
houses, whereas the mosquito population drawn to a village 
scattered among the greater number of houses. 

During 1947 the relative incidence and abundance of Zubrunchiue 

in inhabited and uninhabited shelters were recorded. Although 
only one-fourth of the inspections were made in uninhabited 
shelters, this was enough to get some idea of shelter preference. 
Interestingly enough, it turned out to be about the same for the 
two types of shelters. Eleven per cent of the inhabited shelters 
were positive and 12 per cent of the uninhabited; over-all mosquito 
densities were also about the same. 

Feeding habits. While Zubranchiue feeds on a variety of hosts, 
man is one of the most common. Van Thiel (1938) considered the 
species an thropophilic. Hackett (1937, p. 58) states, “ In southern 
Italy and Sardinia, where Zabranchiae prevails, from 10 to 20 per 
cent live on human blood, while in Greek Macedonia every third 
elutus (sachurovi) captured will have been biting a man.” And 
again (p. 65)) “ We know that typicus (maculipennis s. s.) , 

melanoon and messeue are deviated by stabled animals to a far 
greater extent than eZutus (sachurovi) or Zubrunchiue, and that 
utropurtrus comes somewhere between. We do not yet know of any 
region in which elutus (sacharovi) or la branchiue are not associated 
with an intense malaria. These two forms, so much alike in instinct 
and physiology, persistently try to enter bedrooms even in the 
presence of an abundance of animal blood. They wander back 
and forth between house and stable biting man and cattle 
indifferently.” 
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In Sardinia, precipitin tests were not run on Zabranchiae, yet 

from the large numbers of adults collected in domestic shelters 

and the high incidence of malaria, it was evident that the species 

frequently fed on humans. 

While the resting place of the female is not necessarily the 

location where it obtained its blood meal, it is believed that a 

high proportion of Sardinian Zabranchiae fed on domestic animals 

(largely pigs, horses and oxen) . This appeared to be particularly 

true in the winter. At that time Zubrunchiue was rarely found in 

houses but recently fed females were frequently encountered in 

animal shelters. Mention has been made previously of the great 

amount of activity noted among overwintering females during 

January and February (activity in the sense that they were feeding 

and showing signs of a high degree of ovarian development) . 

Not all Sardinian Zubl-unchiue were so closely associated with the 

shelters of man and his domestic animals. Lubrunchiue was wide- 

spread over many areas of the island which were completely 

uninhabited except for occasional shepherds leading nomadic lives 

with their flocks of sheep, pigs or goats in the mountain areas. 

Contact with such animals could only have been sporadic, and 

Zubrunchiue must have maintained itself on blood from other 

sources; the logical alternative was the wild mammalian population. 

Certain birds likewise may have acted as suitable hosts. Further- 

more, it is not too much to suppose that at times the species was 

capable of tiding itself over periods of famine by feeding on plant 

juices. While the reproductive potential may have been reduced 

under such conditions, the species could survive. 

Flight activities. Marking experiments conducted at Portotorres 

and Oschiri (Missiroli, 1927) indicated that Zubrunchiue is capable 
of flying a distance of three to three and one-half kilometers. 

Under very favorable circumstances in June or July, the species 

proved able to invade a protected area about six and one-half 

kilometers away. A radius of three kilometers, however, was con- 

sidered adequate for establishing a control zone. 

It has been suggested that longer flights may occur in the fall, 

but little information is available regarding the phenomenon. 

Although Missiroli (1927) stated that fall flights or invasions were 

not noted in Portotorres, Hackett (1929) subsequently called atten- 
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tion to movements which filled the Portotorres catching stations 
with mosquitoes in October and November. Missiroli (1930) 
summarized adult captures at Portotorres and Oschiri for the 

period 1925 through 1929, and while the records do not show any 
noteworthy increase in adults at Portotorres during the fall, an 
increase did occur at Oschiri. Presumably these mosquitoes came 
from some distance, as the three-kilometer area immediately sur- 
rounding both towns had been subjected to larviciding operations 

until the first of October. Pampana and Casini (1940) also reported 
a fall rise in adult captures at Loiri, but in their case no anti- 
anopheline measures had been in progress and no attempt was made 
to distinguish local from invading individuals. 

In the cold season the females which were active apparently 
either restricted their movements to the shelter in which they were 
passing the winter or else made short flights to nearby shelters. This 
type of activity was evident from a study made of several farms 
near Uta, in the vicinity of Cagliari. Weekly inspections (with 
flashlights) of four farms commenced the third week of January. 

It was soon obvious that in spite of careful searching, all the 
mosquitoes were not discovered; subsequent visits produced addi- 
tional females which must have hidden themselves away between 
roof tiles and in other inaccessible places. Following the inspection 
in the fourth week, two of the farms were completely sprayed by 
means of a pyrethrum-freon aerosol bomb in order to destroy 
any remaining mosquitoes. No further mosquitoes were found for 
five weeks in one farm and seven weeks in the other. 

Meanwhile, small numbers of mosquitoes continued to be found 
in the other two farms. It was concluded that while a considerable 
amount of flying and feeding activity went on during the winter 
months within the farm centers themselves, there was no anopheline 
movement between farms. The subsequent reappearance of females 
at the two sprayed farms during the weeks of March 24 and April 
7 meant that a new generation had developed. 

During the latter half of July 1947, observations for five nights 
were made on the nocturnal flying activities of Eabranchiae in three 
different localities. One of these was in the Campidano Plain at 
Serramanna (near a swamp) , one in the Arborea Bonification 
Project and the third was in the almost completely uninhabited 
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Picocca Valley in the Sarrabus Mountains east of Cagliari. Collec- 
tions were made under bed nets using human bait and a kerosene 
pressure lamp as attractors. The results of these studies are 
summarized in figure 33. 

Syhtic nature. The only possible explanation for the widespread 
distribution of Zabrunchiae in the island, prior to eradication 
activities, is that a portion of the population was capable of 
surviving for varying periods without close contact with man. 
Collections of sylvatic mosquitoes were not confined to the summer 
season but were obtained at various times of the year. 

An examination of the adult collections made under sylvatic 
conditions in 1947 and 1948 showed that most were females with 
no signs of recent feeding or ovarian activity, hence some may have 
been newly emerged. On the other hand, a fair number of collec- 
tions (about 20 per cent) were made from late November to early 
February, at a time when the species was not breeding but over- 
wintering. During the summer months, active females were found 
in abandoned mine shafts in rock crevices along the Tirso River, 
in ancient burial caves and under bridges; these females showed 
every sign of recent feeding (blood, developing and mature ovaries) . 
Labranchiae was at one time found throughout a 45-kilometer 
uninhabited tract of the upper Flumendosa River. Immature stages, 
including eggs, were abundant everywhere and during the one night 
observers spent in the heart of the area, Zabrunchiae females attacked 
in numbers. 

During 1949 the average distance of all Zabranchiae collections 
(both adult and aquatic stages) from village centers was about 

four kilometers, with maximum distances as high as 11 and 12 
kilometers. In 1950, after two years of intensive eradication opera- 
tions, the average distance had increased to about four and one- 
half kilometers, but the maximum distances remained the same as 
the previous year. While some isolated rural houses may have been 
closer, they were the exception to the rule, except possibly in the 
northern part of the island (Gallura) where many isolated farm 
houses known as stazzi are scattered through the countryside. Even 
if the Zabrunchiae collections from the Gallura are excluded, the 
averages do not change much. 

During 1947 observations were made to determine the effect DDT 
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residual spraying would have on the Zabranchiae larval population. 

It should be kept in mind that this spraying was carried out for 

malaria control purposes and complete wall coverage was not 

planned. At the start of these observations, it was arbitrarily 

decided that a larval inspection station would be considered treated 

if there were DDT-sprayed structures within a radius of two kilo- 

meters. No station was considered treated until two weeks after 

nearby structures had been sprayed; this allowed time for the DDT 
to affect residual anophelism. Furthermore, if several sprayed 

shelters were situated near a larval station, but a pigsty or stable, 

for example, had been missed in spraying operations, the larval 

station was considered untreated because local anophelines still 

had a safe resting place. 

On this basis, stations were established both in the Nuoro and 

Cagliari areas, and were visited at weekly intervals. Some stations 

were in the mountains and others in the lowlands, so that a variety 

of conditions could be observed. Treated stations reverted to an 

untreated status after an interval of six months; this was based on 

wartime experience at Caste1 Volturno (Aitken, 1946) and in the 

Tiber Delta area of continental Italy (Soper et al., 1947b) , as well 

as on observed adult densities in locally sprayed houses. 

These studies are summarized in figure 30, showing the relative 

incidence of Zubrunchiue larvae in treated and untreated stations, 

together with monthly average densities. While the incidence of 

larvae was higher in untreated stations in July, August and Septem- 

ber, the difference between the two groups was not great. House 

spraying alone appeared to have little effect on larval development, 

unlike the experience in continental Italy. There, farmhouses in 

a heavily built-up rural area provided attractive resting places for 

adult mosquitoes, whereas the Sardinian countryside was practi- 

cally devoid of houses and the mosquitoes had less opportunity to 

come in contact with DDT. The ineffectiveness of house spraying 

was an important finding, since popular opinion held that Eubmn- 
chine’s house-haunting affinities were such that it would fly long 

distances to find these shelters. 

Longevity. Little is known about the life span of Zubrunchiue. 
In the case of males, it is undoubtedly fairly brief, possibly a few 

weeks to a month in duration. This is sufficient time, however, 
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for race propagation purposes, as once a female is fertilized she 
remains fertile for life. Only the females overwinter, and in the 
cold season their life span may encompass about four to six months. 
Hill (1937) reports the closely related Portuguese atroparuus as 
having an overwintering life span of at least six months. During 
the breeding season, the life span gradually decreases with the rise 
in temperature and the lower relative humidity of the air. 

The life expectancy of the average Eabrunchiae female under 
natural Sardinian conditions in the spring and early summer and 
in the fall is perhaps 30 days or more, but during July and August 
it is probably reduced to about a week. Hill (1937) states that 
of 150 newly emerged atropuruus females released in a mosquito 
house early in May, the last one died late in June after an exist- 
ence of 44 days. Again at the end of June, 200 newly emerged 
females were released in the mosquito house, and the last one died 
37 days afterward. Hill points out, however, that there was a high 
initial mortality, following which the curve flattened out. 

Shute (1936) offers some interesting observations on laboratory 
strains of the British atropurvus. When kept at a constant tempera- 
ture of 75” F. (24” C.) the species could live for at least two 
and a half months (82 days) and was capable of laying more than 
2,500 fertile eggs. Under the conditions of the experiment, some 
females oviposited as many as 17 times. The highest eclosion rates 
occurred during the January to April period, the next highest in 
the May to July period and the lowest during the September to 
November period. 

Swarming of mules. Little information is available on this subject. 
During the summer of 1947 two males were seen dancing in the 
swarming fashion at sunset. The observations were made in a 
stream bed where the males were darting back and forth over a 
clump of bushes. Bates and Hackett (1939) reported Zubrunchiue 
males swarming readily in small cages (one meter high by 50 
centimeters wide) , but only if a blue light with an intensity of 
almost three-foot candles (at a distance of 30 centimeters) was 
placed on top of the cage. 

Lnborutory colonization. No attempt was made to colonize the 
Sardinian Inbranchiue. This was perhaps unfortunate, for a study of 

laboratory strains could have provided additional facts pertinent to 
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the biology of the species as well as to its reaction to insecticides 
under controlled conditions. Laboratory colonies are apparently not 
readily established; Eabranchiae males will not mate in captivity 
except under proper stimulus. This obstacle was overcome in the 
Albanian studies of Bates and IIackett (1939) by using the blue 
light described above (see also Bates, 1941a and b) . Etherington 
(1944) was successful in obtaining viable eggs from laboratory- 

reared adults kept in a wire-mesh cage (47 x 47 x 60 centimeters) ; 
these adults were not exposed to artificial light and swarming of 
the males was not observed. 

Relation to malaria. During the early nineteen thirties when the 
Malaria Experiment Station, under the direction of Professor 
Missiroli, was conducting investigations in the northern part of 
the island, dissections of Zubrunchiue were undertaken on a number 
of occasions at Torpe and Posada (Missiroli and Marino, 1934; 
Mosna, 1934; and nIosna and Canalis, 1937) . The mosquito infec- 
tivity index under normal conditions apparently ranged between 
1.5 and 2.0 per cent. 

During 1947, ten dissections of Zubrunchiue were made in July, 
101 in November and 127 in December. There were no mosquitoes 
with infected stomachs, but one gland infection (with normal- 
appearing sporozoites) was observed eight days after collection in 
a female taken November 21 in a pigsty at Nuraminis. These few 
dissections resulted in an infectivity index of 0.42 per cent. 

Dissections of other anopheline species were not undertaken, 
primarily because the adults were rarely encountered and then 
usually under sylvatic conditions. The attraction of Zubrunchiue 
for man-made shelters, plus its history of natural infections, indi- 
cated that it was the principal, if not the only, malaria vector in 
the island. This was borne out during the eradication campaign, 
for malaria declined with the elimination of Zubrunchiue. Nor has 

the disease persisted even in areas where, for example in 1950, 
the incidence of other species such as cluuiger or hispuniolu was 

high. 

Anopheles meZunoon meZunoon HACKETT 

Slender in appearance. In general, uniformly black, but 
occasionally with faint pale patches scattered over dorsum. 



ANOPHELINE FAUNA OF SARDINIA 333 

Floats relatively large but extending only slightly onto 

dorsal surface, occupying about 35 per cent of egg length 

and averaging about 18 ribs (costae) ; intercostal membrane 

smooth. 

First instar larva: (see labranchiae) . 

Fourth instar larva: Similar to Zabranchiae, but differing in that 

antepalmate hair of abdominal segments IV and V generally 

six to seven-branched (see also Bates, 1939) . 

Pupa: (see Zabranchiae) . 

Adult: (see labranchiae) . 

World distribution. So far melanoon has been found only in 

Italy (Hackett and Missiroli, 1935; Del Vecchio and Del Vecchio, 
1946) , Sardinia (Spanedda, 1940, and during ERLAAS campaign), 
Corsica (Aitken, 1945, unpublished record), France (Sautet, 1944; 
Callot and Dao Van Ty, 1945) , Algeria (Sergent, 1935) and recently 

in Switzerland (Biittiker, 1948) . All other published records, at 

least through 1940, probably refer to the variety Anopheles 

melanoon subalpinus (Bates, 1940) . 

Distribution in Sardinia. The number of times melanoon has 

been collected in the island is extremely small. Spanedda (1940) 

reported it from the Campidano of Cagliari. During the ERLAAS 

campaign it was encountered in both the southern and northern 

portions of the island as follows: Muravera area (Sarrabus) , 
Monastir and Sardara (Campidano) , Senorbi (Trexenta) , Isili 

(Sarcidano) , Ass010 and Curcuris (Marmilla) , Padria (Regione 

Vulcanica) , Olmedo (Nurra) and Caste1 Sardo (Anglona) . The 

highest elevation at which it was found was 438 meters. 

Biology. This species was so rarely seen that little can be said 

about its biology. Field study was difficult since identification was 

restricted to the egg and fourth larval instar. These forms were 

positively identified only 12 times during the period 1946 to 1948, 

and on all but one of these occasions it was associated with 

Zabranchiae. Collections were made in the months of March, June, 

July, August and September. Aquatic habitats were ground pools, 

streams and water holes. During the spring melanoon was found 

in exposed situations, but in the summer its habitats tended to 
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be shadier. Hackett and Missiroli (1935) reported the species 

breeding in rice fields and marshy areas in northern Italy. In 

Corsica, the author found it in algal mats of tiny, sunlit streams 

along the east coast. 

Adults of the Sardinian melunoon were recognized, through 

laboratory ovipositions, on only five occasions. Four of these adults 

came from stables and one from a pigsty. 

Anopheles clauiger MEIGEN 

Egg: Large and bluntly pointed. Floats large and bulbous; con- 

spicuous against black chorion; occupying about 50 per 

cent of egg length and encroaching upon medial dorsal 

surface, thereby restricting space connecting dorsal polar 

areas of egg; float membrane smooth. Marginal frill inter- 

rupted by floats. 

First instar larva: Subantennal hair long and bifurcate near base; 

about as long as antenna and apically bent inward at angle. 

Clypeal hairs simple; inner clypeals slightly closer to each 

other than to outer clypeals. 

Fourth instar Zarua: Frontal hairs with well-developed shaft, pin- 

Pupa: 

nately branched. Anterior clypeal hairs simple; inner 

clypeals closer to each other than to outer clypeals. Inner 

occipital hairs simple or bifurcate at base. Subantennal 

hair shaft having coarse apical bifurcation bearing many 

small dendri tic branchlets. Fron to-clypeus marked with 

isolated spots rather than horizontal bands. Inner pro- 

thoracic hair with slender shaft bearing three or four apical 

branches. Abdominal palmate hairs obtusely serrate but 

lacking distinct apical filament; segments IV and V with 

“ 0 ” hair absent or extremely minute and simple; tergal 

plates small (not more than three times their width) . 

Lateral hair of abdominal segment VIII short and multiply 

branched. Lateral hair of segment VII in form of long, 

acutely pointed spine. Paddles with extremely minute 

serrations restricted to outer posterior border but not 

reaching terminal hair. 



ANOPHELINE FAUNA OF SARDINIA 335 

Adult:1 Generally dark grayish-brown in color. Head with tuft 

of upright pale scales medianly and black scales laterally. 

Proboscis of female uniformly dark. Thorax with mesono- 

turn having central pale stripe (not as pronounced as in 

Zabranchiae) and dark lateral bands; tuft of pale hair-like 

scales on anterior margin of mesonotum. Wings with dark 

scales, not forming spots. 

World distribution. Clauiger is Palearctic in distribution, ex- 

tending from the British Isles to the Pamir Mountains of Turkestan 

and the Ob River of western Siberia. According to Beklemishev, 

reports of this species near the Yenisei River in central Siberia 

are doubtful, and it has not been recorded further eastward (Bates 

et al., 1949) . The species is found as far north as Norway, southern 

Sweden and the Leningrad area of Russia. In the south, claviger 
occurs in most of the Mediterranean islands, North Africa (Spanish 

and French Morocco, Algeria and Tunisia) , Palestine, Syria, Trans- 

jordan, Iraq and Iran (Leeson et al., 1950). Anopheles habibi 
Mulligan and Puri has been considered a variety of clauiger by 

Russell et al., (1946) ; if this is correct, the species’ distribution 

has a southeastern extension as far as Quetta, Baluchistan (Puri, 

1949) . 
Beklemishev (Bates et al., 1949) reports claviger as occurring 

up to 2,800 meters in the western Pamirs of Turkestan, and Gaud 

et al. (1949) found it in Morocco at 2,500 meters. 

Distribution in Sardinia. Claviger was found in practically every 

ERLAAS sector except for a few in the hot, dry Campidano Plain 

and some of the satellite islands. Cluviger was found, however, in 

the islands of Sant’Antioco, and Maddalena and Spargi of the 

Maddalena Archipelago. The species was present at high altitudes 
in the Gennargentu, Ogliastra, Catena de1 Marghine and Limbara 

mountains, many collections being reported at 1,000 meters and 

above; the highest elevation at which i 

1,300 meters in the Gennargen tu Range. 

t was recorded was about 

1 CEaviger is difficult to distinguish from plumbeus in the adult stage. 
Marshall (1938) suggests several differences: last palpal segment of 
female one-half, or less, as long as penultimate in claviger, whereas 
slightly over half as long in plumbeus; posterior margin of scutellum 
in clauiger evenly rounded, whereas irregular in outline in plumbeus. 
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Seasonal cycle. The seasonal cycle of the Sardinian claviger has 
not been satisfactorily worked out. This is partly due to the. fact 
that adults were not commonly encountered in domestic shelters 
(only 18 per cent of 2,244 specimens during the period 1946 to 
1950) , and then always in low densities, only one or two individuals 
being found at a time. Also, the larval habit of diving and 
remaining submerged for long periods, probably more noticeable 
early in the year when waters are colder, may have distorted the 
picture of larval incidence and density. 

Italian workers have considered claviger as largely a spring and 
fall species. The observations of Bates (1937) in Albania confirm 
this belief; stable captures near Tirana over a four-year period indi- 
cated that the species has a bimodal seasonal curve with a minor 
peak appearing about the first of May and a major peak the first 
two weeks of November. 

While studying Sardinian claviger in a series of fixed aquatic 
stations during 1947, a similar bimodal curve was noted in the 
seasonal incidence of the larval population. The first peak occurred 
during June and a second larger peak in the late fall and early 
winter (figure 34) . 

In 1950, when eradication operations were directed only against 
Zabranchiae (in restricted areas), the frequency of claviger collec- 
tions throughout the island dropped off gradually from May 
through July, and then rapidly through September when scouting 
operations ceased. There was thus no evidence of the bimodal 
distribution previously observed. 

In Sardinia, adults have been found in every month of the year, 
the earliest collection being January 6 and the latest December 17. 
Pupae and first instar larvae were found in every month except 
January, and the latter were observed as late as December 19. Eggs 
were encountered from May 17 to December 1; while they were 
not seen during the first four months of the year, this may not be 
significant as first instar larvae and adults were found earlier. It 
would therefore seem that the Sardinian claviger was capable of 
breeding throughout the year, with the development possibly 
retarded in the cold months. 

Further evidence supporting the suggestion that in Sardinia 

daviger overwinters in the adult as well as in the immature stages 
was the finding of one female with fat body in January and two 
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in December. In addition, a female with almost completely mature 
ovaries was collected on February 17. Overwintering females have 
been encountered largely in habitats such as grottoes and nuraghi, 

but one was found in a stable in February. 

Larval habitats. Springs and their associated rivulets were the 
principal source of the 17 1,990 larval collections of claviger during 
the five-year period 1946 to 1950. These were followed in order by: 
(1) interrupted rivers and streams, (2) rivers and streams, (3) 
tanks and wells, (4) water holes, (5) ground pools and (6) swamps 
(figure 31) . 

Limited observations were made during 1947 on the relative 
attractiveness of various habitats. While larvae were encouiitered 
in springs at any season of the year, they were not particularly 
abundant in rivulets until the late summer and fall. Swamps, 
ground pools and rivers were most frequently positive during the 
winter months, with their attractiveness waning as the 
progressed. Tanks and wells developed a certain importance 

season 
during 

the spring and summer, and water holes during the spring, summer 
and fall. 

The immature stages of claviger were always found in fresh water. 
The species showed a definite preference for clear, still, shaded 
waters contain ing horizontal vegetation and of ten overhung with 
dense growths of brambles and bushes. It was, however, quite 
frequently detected in slowly moving waters, and was not uncom- 
monly encountered in sunny or partially sunny situations (figure 

$32) . 
During the five-year period 1946 to 1950 less than 1 per cent of 

the claviger collections were associated with other species. Marteri 

accounted for 63 per cent of these associations, followed by algerien- 

sis (18 per cent) and Zabrunchiue (13 per cent) . Other associations 
were less common. On seven occasions claviger larvae were found 
with those of plumbeus in tanks, springs or streams, 
tree holes, the typical habi tats of plum beus. 

though not in 

Cluviger larvae are readily disturbed when the water surface of 
their environment is agitated. They dive and are capable of 
remaining submerged for long periods of time. The longest period 
of submersion observed by Trapido in 1950 was 14 minutes. The 
average submersion period in 300 trials was 67 
was 43 seconds (range, 1 second to 14 minutes) 

seconds: the median 
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Adult habitats. CEuviger adults were scarce in domestic shelters. 
Of 2,244 specimens collected over the five-year period, only 18 per 
cent were found in such structures. The great majority of the 
adults (56 per cent) came from grottoes, and another 23 per cent 
were collected from vegetation. 

Claviger was rarely observed to attack man in nature and it 
never bit man in the laboratory on the few occasions when attempts 
were made to feed wild-caught females. During the 1947 studies on 
the nocturnal feeding and flying activities of Zabranchiue in the 
Picocca Valley, cluviger adults were never seen, even though larvae 
were abundant in the surrounding area. The available evidence 
suggests that the Sardinian cluviger is largely a sylvatic species and 
seldom comes in contact with man. Elsewhere, as in Palestine, 
the species appears to be more closely associated with man (Bates 
et uE., 1949; Weyer, 1939; Leeson et al., 1950). 

Nothing is known about the flight activities of cluviger in 
Sardinia. The species apparently was capable of disseminating 
itself throughout the countryside quite rapidly; it appeared to be 
practically eliminated from the island at the end of the 1948 
campaign, yet by the end of 1949, after eradication controls had 
been lifted in March, it seemed to have almost regained its former 
position. 

Anopheles ulgeriensis THEOBALD 

4x: Relatively small, very narrow and sharply pointed. Shiny 
black. Ends of float membranes curve onto dorsal surface 
forming four membranous hooks resembling bicycle handle- 
bars; float membrane smooth. Marginal frill interrupted by 
floats. 

First instur Zaruu: Subantennal hair long and bifurcate near base; 

Fourth 

much longer than antenna and slightly recurved apically. 
Clypeal hairs simple and equidistant from each other. 

instur lurvu: Frontal hairs with well-developed shaft pin- 
nately branched. Anterior clypeal hairs with minute branch- 
lets along shafts; inner clypeals closer to each other than 
to outer clypeals. Inner occipital hairs with about four 
apical branches. Fronto-clypeus marked with three dark 
transverse bands. Abdominal segments IV and V with well- 



340 

Pupa: 

Adult: 
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developed “ 0 ” hair having four to five branches; tergal 
plates large (at least five to six times their width) . 

Lateral hair of abdominal segment VIII short and multiply 
branched. Lateral hair of segment VII in form of long, 
acutely pointed spine. Paddles with minute serrations along 

posterior half of internal and external borders. 

Brown in color. Head without tuft of pale scales. Mesono- 
turn uniformly reddish-brown, without darker stripes 
laterally; no pale scales or tuft on anterior margin. Wings 
with dark scales, not forming spots. 

World distribution. Algeriensis is essentially a Mediterranean 
and South Asian species. It is known in Norfolk, England (Mar- 
shall, 1938)) a few localities in Germany (Weyer, 1939) , the Iberian 
Peninsula (Romeo Viamonte, 1950) and Morocco (Gaud et al., 

1949) . Its range extends eastward through the Mediterranean to 
Turkey and Palestine, Syria, Transjordan, Transcaucasia, Iraq, 
Iran and Turkestan, being found as far north as Tashkent in 
Central Asia (Leeson et al., 1950; Bates et al., 1949) . Beklemishev 
(Bates et al., 1949) states that in the eastern portion of its range, 

at least, the species has never been found above 900 meters. 

Distribution in Sardinia. Formerly, algeriensis was widespread 
in Sardinia, particularly in the lowlands. At no time, however, 
was it as abundant as Zabranchiae or claviger. Occasionally it was 
found up to altitudes of about 800 meters in the Villanova Strisaili 
area. The species was also taken on the islands of Sant’Antioco and 
San Pietro in the southwest and Caprera in the north. 

Seasonal cycle. While information regarding the seasonal cycle 
of algeriensis is far from complete, it would appear that the species 
develops slowly in the winter and spring and reaches a peak of 
abundance during late summer and early fall. August and Septem- 
ber seem to be the months of greatest breeding activity. Monthly 
larval densities, as observed during 1947 and early 1948, are sum- 
marized in figure 35. The seasonal trend seems to be quite similar 
to subsequent experience during the eradication years. There were 
so few adult collections during the period 1946 to 1950 that no 
correlation can be made between larval and adult incidence. 
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The evidence suggests that, as in the case of claviger, the species 
does not pass the winter entirely in the larval state, but instead 
breeds and develops at a slow rate. Adults have been collected in 
every month except February and September. First instar larvae 
were not found in January and February. This may not be signifi- 
cant as relatively few inspections were made early in the year. On 
January 20, 1947 all immature stages of algeriensis (except eggs 
and first instar larvae) were encountered in abundance in the Uta 
swamp near Cagliari. The fact that adults were also present and 
biting in considerable numbers gives weight to the theory of winter 
breeding. 

Larval habitats. Sluggish rivers and streams were the habitats 
most preferred by algeriensis. Swamps were also an important 
source of larvae, but primarily during the winter; the larvae develop 
slowly at the base of juncus plants, cane (Phragmites) and other 
dense vertical vegetation. The 14,441 collections made during the 
five-year ERLAAS period are summarized according to habitat in 
figure 31. 

Algeriensis appeared to prefer clear, fresh waters, usually still but 
occasionally with some movement. The species was rarely taken in 
the absence of vegetation. It was frequently encountered in mixed 
vegetation where the exposure was partially sunny rather than 
heavily shaded, being intermediate between Zabranchiae and claviger 

in this respect. Summer habitats were more shaded than those at 
other times of the year. Observations on the characteristics of 
the aquatic habitats of algeriensis during 1947 are summarized in 
figure 32. 

During the period 1946 to 1950, 2 per cent of the 14,44 1 azgeriensis 

collections were found in association with other species. The most 
frequent association was with Zabranchiae, but claviger was a close 
second. Other species were rarely encountered with azgeriensis. 

On the few occasions when diving times of algeriensis larvae were 
studied in 1950, Trapido found the average time of submergence 
to be 61 seconds; the median was 50 seconds (range, 1 second to 4 
minutes in 3 1 observations) . 

Adult habitats. On the basis of adult collections, the Sardinian 
algeriensis appears to be more domestically inclined than claviger. 
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At least 38 per cent of the specimens collected between 1946 and 

1950 were encountered in man-made shelters and 20 per cent came 

from natural shelters; the source of the remaining 42 per cent was 

unspecified. On several occasions, prior to the initiation of scouting 

operations, adults were encountered in large swamps where they 

were resting on vertical vegetation. The species apparently spends 

much of its time in such locations and only occasionally enters 

houses or domestic animal shelters. 

Algeriensis in Sardinia rarely attacks man; however, the adults 

encountered in swamps were quite persistent biters. At such times 

the sky was overcast. During July 1947, ERLAAS workers spent 

a night in the Serramanna swamp, in the hope of gaining infor- 

mation about the habits of this species. Larvae were abundant in 

the area, but only one adult female entered the bed nets to feed 

(at 10 P.M.). Marshall (1938, p. 132) refers to Edwards’ obser- 

vations on this species in Norfolk, England, where apparently it 

was quite an avid feeder: “ Females bit readily in the open in calm, 

dull weather or in sheltered spots at dusk and dawn.” 

Nothing much is known about the flight activities of algeriensis 

or the swarming of males. It probably is not so strong a flyer as 

clauiger, because it is taking much more time to reoccupy its former 

domain since eradication measures have ceased. This may be due 

to the fact that the heavily overgrown swamps and sluggish streams 

preferred by algeriensis are less common than other habitat types 

favored by claviger. 

AnopheZes marteri SENEVET AND PRUNNELLE 

&x: Large and bluntly pointed. Floats large and bulbous (larger 

than in clnviger) ; conspicuous against black chorion; 

occupying more than 75 per cent of egg length and en- 

croaching on medial dorsal surface; width of float at 

broadest central part one and one-half times width of 

ventral surface of egg between floats; average of 26 ribs or 

costae, varying from 23 to 29 ribs per float; intercostal 

membrane moderately rough. (Based on Hadjinicolaou, 

1938.) 

First instar Zaroa: Subantennal hair long and bifurcate near base; 
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Fourth 

Pupa: 

Adult: 
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much longer than antenna and strongly recurved apically. 
Clypeal hairs simple and equidistant from each other. 

instar Zarua: Frontal hairs with well-developed shaft pin- 
nately branched. Anterior clypeal hairs simple; inner 
clypeals closer to each other than to outer clypeals. Inner 
occipital hairs simple or bifurcate at base. Subantennal 
hair uniformly pinnately branched with no apical bifur- 
cation of shaft and subsequent branchle ts. Fron to-clypeus 
marked with isolated spots rather than horizontal bands. 
Inner anterior prothoracic hair with strongly developed 
shaft basally and pinnately branched, similar to but smaller 
than middle prothoracic hair; outer prothoracic hair simple, 
rising distinctly. Abdominal palmate hairs with few serra- 
tions just prior to long pseudofilaments; segments IV and 
V with “ 0 ” hair absent or extremely minute and simple; 
tergal plates small (not more than three times their width) . 

Lateral hair of abdominal segment VIII short and multiply 
branched. Lateral hair of segment VII in form of long, 
acutely pointed spine. Paddles adorned with long hair-like 
fringe on internal and external borders. 

Dark gray in color. Head with tuft of upright pale scales 
medianly and dark scales laterally. Proboscis of female 
pale apically. Thorax with mesonotum having central pale 
stripe (similar to clauiger) and dark lateral bands; tuft 
of pale scales on anterior margin. Wings with dark scales, 
unspotted, except for pale apical fringe. 

World distribution. Information on the distribution of marteri 

in the Mediterranean and South Asia is rather spotty, probably 
because little attention has been given to this epidemiologically 
unimportant species. It has been reported from Spain (Torres 
Cafiamares, 1946; Romeo Viamonte, 1950)) Morocco (Gaud et al., 

1950)) Algeria (Senevet and Prunnelle, 1927) , Tunisia (Sicart, 
1942), Corsica (Langeron and Galliard, 1933)) Albania (Bates, 
1941 c) , Bulgaria and Greece by Shannon (Hadjinicolaou, 1938) , 
Cyprus (Aziz, 1947) , Syria, Palestine, Transjordan, Iraq, northern 
Iran and Tajikistan (var. sogdianus) (Leeson et al., 1950; Bates 
et al., 1949). Beklemishev (Bates et al., 1949) says that in Tajiki- 
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Stan, lnarteri occurs in mountain streams of uninhabited valleys 
at elevations between 900 and 1,600 meters. 

Distribution in Sardinia. While marteri was never so abundantly 
represented in ERLAAS collections as some of the other Sardinian 
species, it was not uncommon. Its principal center of distribution 
was in the eastern mountain mass (Barbagia, Gennargentu, Ogli- 
astra and extending south into the Sarrabus) . It was also present 
in the southern mountains of the Sulcis and in scattered areas of 
mountain terrain in the north. It never turned up in any of the 
satellite islands. While it was sometimes found close to sea level, 
it was usually encountered at higher altitudes and generally in 
uninhabited country. No records are available regarding the 
highest elevation at which it was found, but there were several 
collections above 1,000 meters. 

Seasonal cycle. Information on the seasonal cycle of marteri is 
meager. A study of data from selected untreated sectors during 
1949 and 1950 suggests that there may be two peaks in larval 
population densities, one in the late spring and a second in the fall. 
In Sardinia, females were found on one occasion (January 4) 
in an abandoned mine shaft in the Gennargentu Mountains at 
an elevation of 700 meters. Presumably these were hibernating 
forms. Adults of the new generation were not seen before the first 
week in June. Larvae (all instars) were encountered as late as 
September 29 and as early as March 18 (third and fourth instars) . 

LaruaE habitats. The preferred larval habitats of marteri were 
mountain streams, either flowing or interrupted, provided that the 
water was fairly cool and relatively well shaded. The species was 
also found in rivulets and springs. On a few occasions larvae were 
encountered in tanks and water holes, and in rare instances in 
swampy places and ground pools. Larvae were not always easy 
to find; they sometimes existed in tiny collections of water so 
shallow that it was necessary to collect them individually with a 
pipette. The 2,450 collections made during the ERLAAS campaign 
are summarized according to habitat in figure 31. 

Larvae have been found in horizontal vegetation as well as in 
water devoid of green vegetation but containing fallen leaves and 
either completely or partially shaded by vertical vegetation or 
nearby trees. 
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Twenty-five per cent of the marteri collections during the period 
1946 to 1950 have been mixed associations with other species. The 
closest relationship was with clauiger (95 per cent of the mixed 
collections) . It was rarely encountered with Zabrunchiae, azgeriensis 

or hispaniola. 

Adult habitats. Most of the 13 adult specimens of marteri collected 
between 1948 and 1950 (none were found earlier) came from 
grottoes or similar natural shelters along water courses. One was 
found in a tree hole. 

The species rarely, if ever, attacks man, restricting its biting 
activities to domestic and wild animals. Hadjinicolaou (1938) 
had great difficulty in getting marteri to feed on man in the labora- 
tory. The species was never observed biting man in Sardinia. 
Judging from its apparent habit of remaining near its breeding 
places, marteri would not appear to be a strong flyer. No other 
information is available regarding its flight habits. 

Anopheles plumbeus STEPHENS 

E&F Relatively large, diamond-shaped; bluntly pointed at ex- 
tremities which are slightly raised; black; floats absent, 
replaced by well-developed marginal and prominent frill 
completely encircling egg. 

First instar Zarva: Subantennal hair extremely short, bifurcate 
apically. Anterior clypeal hairs approximately equidistant, 
adorned with tiny branchlets. 

Fourth 

Pupa: 

Adult: 

instar Zarua: Frontal hairs extremely small and simple. 
Anterior clypeal hairs approximately equidistant, adorned 
with tiny branches. Subantennal hair very short, with two 
to three apical branches. Abdominal segments I to VI with 
lateral hairs pinnately branched; tergal plates small (about 
one to two times their width). 

Lateral hair of abdominal segment VIII long, slender and 
unbranched. Paddles with minute serrations along outer 
posterior border, but not reaching terminal hair. 

Dark gray in color. Head with tuft of upright white scales 
medianly and black scales laterally. Proboscis of female 
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uniformly dark. Thorax with mesonotum having central 

pale stripe and dark lateral bands; tuft of white hair-like 

scales on anterior margin of mesonotum. 

World distribution. The range of plumbeus extends from the 

British Isles through western Europe, including Scandinavia, to 

southern Russia (Kiev, Kharkov) and the Caucasus (Krasnodar, 

Terek Valley) ; from there it extends into northern Iran (Elburz 

Mountains) and the Kopet Dagh Mountains of Southern Trans- 

caspia. The closely related Anopheles bnrianensis, a possible sub- 

species of plumbeus, is found further east in Tajikistan (elevations 

of 1,000 to 1,600 meters) and the western Himalayas (elevations of 

1,500 to 2,400 meters) . Plumbeus has also been reported from 

Algeria and Corsica (Bates et al., 1949; Puri, 1949). 

Distribution in Sardinia. While never abundant, plumbeus has 

been found throughout the island, in the plains as well as in the 

mountains wherever trees with rot holes occur. 

Seasonal cycle. Inasmuch as the larval habitats of plumbeus 

(primarily rot holes of trees) were not routinely inspected, infor- 

mation regarding the seasonal abundance of the species is scanty. 

Between 1948 and 1950, 618 collections of plum beus were made, 

the greatest number being found during the months of March, 

June and July. 

Larvae were found in every month of the year except January, 

a month when few, if any, inspections of tree holes were made. 

First instar larvae were encountered from March through December. 

Pupae had a similar incidence, except in the latter month. Adults 

were captured in April, May, June, July and September. Pre- 
sumably the species overwinters in the larval stage. 

Lawal habitats. The immature stages of plunzbeus are usually 

found developing in water accumulations in tree holes. Of the 618 

collections made between 1948 and 1950, 82 per cent came from 

such sources. In the course of the large number of inspections 

made by a field force of several thousand scouts, plumbeus was 

occasionally encountered in other habitats such as tanks, springs, 

streams, ground pools and, on one occasion, a swampy place. Some 

of these records are dubious, as tree hole species are rather fastidious 
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in their preference. Inasmuch as fdurnbeus larvae are easily identi- 

fied, records are included which indicate that the species may 

occasionally (during very dry summers, for example) continue its 

life cycle in places other than its normal surroundings. 

The only mixed collections of plum beus have been associated with 

claviger, and then only rarely-twice each in streams, interrupted 

streams and springs, and once in a tank. 

Adult habitats. Only 19 specimens of plumbeus were collected 

during the period 1947 to 1950. Most of these were found in 

sparsely inhabited regions. Nine came from tree holes, five from 

grottoes, two from a well and one each from a nul-nghe, a spring 

niche and a hen house. The latter specimen laid one egg in the 

laboratory which served for the above description. 

Anopheles hispanioln (THEOBALD) 

Egg Relatively small; dark bluish-gray in color. Bluntly rounded 

at enlarged micropylar end and more pointed at the other; 

curved somewhat like a banana. Exochorion consisting of 

hexagonal pattern, completely covering egg except for 

rosette-shaped black area around micropyle. No floats. 

Marginal frill reduced to small oval-shaped spot adjacent to 

and touching micropylar area; appressed rather than up- 

turned as in Anopheles pseudopunctipennis franciscanus. 

First instar Znrva: Subantennal hair long and bifurcate near base; 

about as long as antenna; slightly recurved apically. Clypeal 

hairs simple; inner clypeals slightly closer to outer clypeals 
than to each other. 

Fourth instar Zarwz: Inner frontal hairs normally with well-de- 

veloped shaft basally with six or more branches; all branches 

arising near base of shaft. Anterior clypeal hairs simple; 
inner clypeals widely separated, closer to outer clypeals than 

to each other; posterior clypeals as long as inner clypeals. 

Inner anterior prothoracic hair with strongly developed 

shaft and pinnately branched, similar to but smaller than 

middle prothoracic hair. Mesopleural hairs (No. 9 and 10) 
branched. Abdominal palmate hairs present in segments 

II to VII, those of segment II with fewer leaflets; palmate 
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hair leaflets with short terminal filaments; lateral hairs 

segments IV to VI rather weakly pinnately branched. 

of 

Pupa: Lateral hair of abdominal segment VIII short and multiply 
branched. Lateral hair of segment VII in form of long, 
acutely pointed spine. Paddles edged with row of robust 

teeth occupying more than half of outer posterior border; 
short row of fine hairs apically between teeth and apical 
hair. 

Adult: Pale gray in color. Head with tuft of pale upright scales 
medianly and dark scales laterally. Palpus of female with 
three pale rings and dark apex. Wing with pale and dark 
scales grouped to form spotted areas, with five pale areas 
along anterior margin; base of costa dark. 

World distribution. The distribution of hispaniola is confused 
with that of Anopheles turkhudi because many authors have con- 
sidered the two synonymous. While material on turkhudi has not 
been available for comparison, the distinguishing characteristics of 
hispaniola noted by Mattingly (1947) have been verified in Sar- 
dinian specimens; hence, the specific name hispaniola is retained in 
this report. The species apparently occurs in the following regions: 
Rio de Oro, French and Spanish Morocco (as turkhudi, Gaud et al., 
1950)) Canary Islands and Spain (Romeo Viamonte, 1950) , Algeria 
and Sahara (Seneve t, 1935) , Tunisia and Tripolitania (Callot, 
1938)) Libya (Ghidini, 1934)) southern Italy (as italicus, Raffaele, 
1928) and Transjordan (Leeson et al., 1950). Romeo Viamonte 
(1950) considers Anopheles rifenus of Spanish Morocco the same as 

hispanioln. Gaud et al. (1950) report the species occurring in 
Morocco from sea level up to elevations of 2,500 meters. 

Distribution in Sardinia. Like marteri, hispaniola appears to 
have a restricted distribution in Sardinia, being confined largely 
to the southeastern mountain mass and littoral from the lower 
slopes of the Gennargentu Range south to the Sarrabus. It turned 
up occasionally in the Sulcis Mountains and a few other localities 
but was rarely encountered in the north. The species was never 
detected in any of the satellite islands. It was taken at elevations 
of at least 800 meters in the Villanova Strisaili area. 
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Seasonal cycle. Hispaniola is largely a late summer and fall 

species. The collections made during the early years of ERLAAS 

were not sufficient for a satisfactory study of the seasonal cycle. 

Larval collection data from certain untreated sectors are available 

for 1949 and 1950 and give some idea of seasonal trends. The 

incidence of the species appeared to reach its peak during August 

and early September. Larvae were not found before late May 

(all instars and pupae) , and adults were not found before the 

first week in June. First instar larvae were collected as late as 

October 2 and other instars until October 25. Adults were captured 

as late as November 11. Presumably the species overwinters in the 

adult state. 

Larval habitats. Observations were made on the occurrence of 

eggs in natural habitats during September 1950. Prior to this, 

eggs had not been encountered despite diligent search. Neither 

had it been possible to obtain eggs from females on the few occa- 

sions when the latter were collected. 

The eggs of hispaniola were observed in mats of spirogyra 

growing over bits of gravel in very shallow water of an exposed 

stream bed. The majority of the eggs rested vertically, enmeshed 

among the algal strands, but even those resting in the horizontal 

position had the enlarged micropylar end in contact with the 

surface. Except for those lying horizontally, the eggs were very 

difficult to find as only the minute dark micropylar end could be 

seen clearly. When touched, the eggs slipped below the surface, so 

presumably the algal filaments act as a support to hold them in 

their customary position. Eggs were scattered throughout the algal 

patches, either singly or in groups of two to six, indicating that 

the female oviposited in more than one spot. From the position 

of the eggs it would seem that the female actually tucked them into 

the mats from a standing position. 

The preferred larval habitats of the Sardinian hispaniola were 

gravelly stream beds well exposed to the sun during the greater 

portion of the day. Larvae were usually found in mats of spirogyra, 

but occasionally they were seen in water cress or in clear water 

around pebbles. The water was frequently very shallow. As a 

result, the larvae could not always be easily collected with a dipper 

or dip net unless quantities of gravel were scooped up. Kneeling 
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and collecting the larvae directly with a pipette permitted close 
observation of the water surface; only then was it possible to appre- 
ciate the heavy densities frequently present. 

Larvae and pupae occurred in slowly moving water in the algal 
mats, or free around stones, or else in rapidly running water among 
water cress. They were most abundant in the first habitat, suggest- 
ing that it was only the disturbed strays which were found in 
sheltered spots where the current was greater. 

Hispaniola was also encountered in intermittent streams and to 
a much lesser extent in springs, rivulets, swampy places along 
streams, water holes, tanks and ground pools. Some of these sources 
are doubtful as the species appeared to have definite preferences 
for clear, well-aerated water. The 2,582 aquatic collections of 
hispaniola for the period 1947 to 1950 (none encountered in 1946) 
are classified according to habitat in figure 31. 

Larvae and pupae were extremely susceptible to outside disturb- 
ance, diving immediately into the spirogyra mats and remaining 
there for long periods. Observations made by Trapido in 1950 
indicated that the species was capable of remaining submerged for 
as long as 35 minutes; in 258 observations the average time spent 
below was 87 seconds; the median was 38 seconds (range, 1 second 
to 35 minutes) . This reaction is remarkable for an active larva 
such as hispaniola, which occupies an aquatic environment with 
temperatures comparable to those preferred by Zabranchiae (23” C. 
to 25” C.) . Claviger also is capable of remaining submerged for 
long periods, but it is a much less energetic larva, living in cool, 
shaded waters with temperatures averaging about 18” C. 

Hispaniola’s capacity for lengthy submersion may be due to 
the highly oxygenated state of the spirogyra mats, which are exposed 
to the sun for long periods of time. In addition, the algae give off 
bubbles of oxygen, many of which are trapped among the strands. 
The submersion phenomenon may be an explanation for his- 
paniola’s resistance to larviciding operations, particularly in flowing 
water, during 1948 and 1949. 

Only 3 per cent of the 2,582 hispaniola collections were mixed 
associations with other species. Seventy-one per cent of these were 
with claviger and 19 per cent with Zabranchiae, the remainder with 
algeriensis and marteri. The association with Zabranchiae would 
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undoubtedly have been much greater had eradication measures not 
been in operation. 

Despite numerous attempts to find hispaniola and superpictus 

during 1946, neither was encountered. In 1947 the former was 
collected on a number of occasions with Eabranchiae. Thereafter 
Zabranchiae disappeared under the action of larvicides and residual 
sprays, but hispaniola took over the habitats and multiplied. It 
would seem therefore that Zabranchiae was the more generalized 
species, dominating the environment and keeping hispaniola down 
to such small numbers that it was very difficult to find. 

Adult habitats. Since only 148 adult specimens were collected 
during the period 1947 to 1950, little information is available 
concerning the resting places. About 49 per cent of the specimens 
came from domestic shelters; the remainder were collected in the 
open, in abandoned mine shafts, grottoes, vegetation, and on two 
occasions biting man. Numerous attempts were made to locate 
adults in domestic shelters along river valleys where the larvae 
abounded, but most of these were unsuccessful. At no time were 
adults found, even in natural shelters near the breeding places, 
in numbers which were at all commensurate with the nearby larval 
population. Because of their pale color, adults were hard to 
distinguish against the background of their resting places and may 
easily have been overlooked in locations such as densely vegetated 
banks of streams. 

Little information is available on the feeding habits of this 
species in Sardinia. As mentioned previously, it was taken only 
twice in the act of biting man. During 1947, in the course of obser- 
vations on the nocturnal habits of Zabranchiae in the Picocca Valley, 
hispaniola was never taken in the collections; an occasional specimen 
was found in a pigsty one to two kilometers away and larvae were 
subsequently encountered in a nearby stream. Repeated attempts 
to get the species to feed on man in the laboratory were unsuccessful. 
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